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A B S i I ~A( ‘T

I - i r i n e n t  s c o n e  meue l s  o t t o f l  o - q ~~i r ’  ( S t t m i t -~ O~ d i S t i~~~~~s

~ i~~w~~vn i~~~l f l t~ i n  a r odLi f l t- t i .~~ L a s - i on t I n :  f )(  n t  c o  ~i i f t S .  m I-s e
e s r i r l i n t f  no t ,~ l r d y d er ive  u s in g  r e c t a n ~;u 1ar ~-r L j - l i  :o~~n ~~i I r i c

to u s .  Ih e  ~~ese n t  u n v o ~~t r q i t u  fl em ploys lo re q n~ - r i l  l u n t o n s  to F t l r n d t ( -

sor p le s  or  ~ r m - ~~n nu1 i r u r o l  roaii  m i s t a n c e s .  l roo I~; o t  c - n  i i t i o n s  for t n ’

c e n v e x m t ;  ot t h e  t u m o - t t o f l S  I I I -  g i v e n .  S t a t i s t i e w  - o : m . p a r i s u f l s  are mn  ~G u l

- r u n - n on i c c u r i cy  in or icr t e s t a i ~1is ~ m - ~ n t i ve : e F I t  S e n s i t i v i t y  ot  th

bes t r i r a m e t e r s  of the lun c-t ior o ;  w i t h  o n m e  t r i o l - r e n t  n e o T r d ~~m I r c a 1  a reas

S o - m r e s t s  t i m e i r n p r t n n -c 01 USlrw ~- : r i p m r l a! i s t u n r e  t U f l c t i ( f l S .

~~~~~~ ~~~ 5) Su~ j e c t  I J S S 1 t 1 L : i t o - n  —

i c y  ~V - r - : .  — E s t - u m it e s , D i s t ances , kc~~u . N - t . v~ ~~~ f e i n t , ~~~ r
f u n c t i o n s , [ r h o n . R u r i l . S t i t i s t i c a ~ , i r i w ~~ter

Work U n i t  N u m L r S ( t v l a t h e m i t i - i1 I r : ~~ m i i m: u u ~~ ann  f I r u t u  ns Rese i r c h )

‘ Rese m r - rm - r i : -;~~o - i hy  tne U n i t e  I S ta tes  A r : y  nm ut  m m t r i t t N .  AAU.~ ‘ — 7  S—

C— O 0~ I i n n  i ~r a n t  f ro .n  t n -  Gr i ’ l u u t e  School of nc [n i v e r s i t y  of v’v scons in .
Vi.~i tung J r  t e s sor  , U n i v e r s i t y  I ‘N t e r1o ~ , v\’~~t er I ’ - . Onta r io , i n I ‘ 7  —

t R ese~ir c h  s u p ) i u r t r J l y  a s u m m e r  rese ir im i t  i v . n r - f l  l y  Un-  Uui iuate Sctuo ~- i .
U r i t  S i t e  U n i v e r s i t y .  V i s i t i n g  A: n - m u t e  I U s s u u , U n i v e r s i t y  of t’~~sc4~~~s i f l —

~n I~ 4 7 7 .
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f~1 A i I I L r t 1 ’4 i :  ~ t1 (  I l L S  of In ,‘4I  N .j~ L r i : ij ~-, f s
15 f~~ r t  F. 0 -,

~~~ i f  J - 1~~~s G.

1. l n t r t . I

Th( I I  - ..  r .  h ~ C ‘- . I t ’  1 1 1 C C  c~~i C~~ r j I t  ~~~ ¶ o i~ ‘ - -
~~.: ‘ -~ I f . . c I u -

t o  ~e t i  o f t i r t - a:~j t i n .)  - i  ~~~ t o c  - .-1z ; t I .  . I~ c ( I - i  - t \ e  ci ~ ‘ ‘  S t ~~.I ) I

to cvz~1kI t (  di :  ar~~e ; - re d i c t f : n  f unc t i  ~1’ . I n a 1 r . I  mud - t C )  , se ’.rn

d 1 f I ~~r i- , r  fu c t  1 : ;  - r f y i  I c .~ ~. f j c !  t H - f u r i  c -;- :- . u o  s of ~‘o I ’

j ntu c s L i  Ics  of road d r - ~~. r:ces I i- - : ~ :~~c c -  j a ! : : r - ; . T - -~ f c ’  i~~!i ~ i

gave r.upc! ~or a c u  c v
I Ii;

F 2 p
d(q ,  r; k , p, ‘-d L I  H — r 1

W i l l  q=(q 1, q2
) and m - ( r 1 , r

2
) i r e -  ~ - ‘ f l~~S mu I. ‘ — 1. ’fl j ( l 0 ‘. tcc  c - i  I

p an~ 9 ~ r -  pa rcn- ;
~ U . Thu rc - - - u i i 1-1 v t  tu f r  m, - , n : ~~~a r 1

d f I fc r . ; t  f r - a  t i i t  of p ~ t h e  f u : : c t  m - ~ m ~ “ f ~~t m  i t c  H~~ d i f f c r o t - c t : ;

:p  ‘osore d by the t r r mm . 1  5 -  A r - ~~y n u t  C ~ 0 ;u’1 ~ — 7
C— 0014 in  

~ 
j n t  f rom t i e  (~ mc c S t -  I o t  Sc I i f l i v - S : y  ( i t  ‘,‘. iS c n m O f l .

I u t . - : c c r , U n u v i r s r y  I \‘~ - i o - r ~ ~~- i t - ; 1oo, c ’n t 1 ; m , u n  l 7 i - I ’ ! 7~

1 ‘~~ 1 y a S u r - ; ~ - t r  r t - :, - , r -  I ;  - n u t  uw ;u  ~~i 1 y t I -  t r I J - i t e
5 h - - I , P5 r,t  St 4r U n m v t -r ; u r y .  .:s t u n g  A . u i i t i -  I m - f e s s r , U n i v - r t y  of
W u s c o n s i n — S t - i m m s r , ~n t~-i ‘ -  I~~77
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of ~amn p l J m I t t — c i t y  ra id  d O t  cmnc (  . The f u nc t i o n  d ( q ,  r ;  I~, p ,  p)  i : . ;s

~c t t c d (or ~~~~~~ I i ca l  ( m m c m  I m u  one I t  mm r a r u ‘O u r  t i s t  be e : t  i~ a t u d  1 ; ,  t i c

da ta .

?ts ZAn y I c c i t  i , : m I  - - . 1 v s~~s ar c  O c c :- II ~s) icd w I  i l l  on u r b an  or r u r a l

s e t t i n g ,  it ,;cur. s a I pm ~ -i . r :~~~- - t o  ei :- - t i ~~~t e  c h : - t t r r  ~u ch i  d i : ; a r c e s  c i ;  0

he r : o d c 1 & d  i r e  o c c , c , t m m t t ;  m ~m i t S  t L . c  cu t ’  ~ l e d  c u - - I s  or l u  1 0.  - -

d i st an c e  f u n c t  j o -ms . i -  a la  m c  t m m  (m I d  u i  h u m :  p~~ u r  Cli  C i :  p I t - S  o~ : :- ,d

dist ance s in a n i c c c n s l n  r u m  . 1  I ( ’ ~~~) :‘ n d i n t h e  i~’i s c o n s im i  c i t  les  of t : d isoa

and LI 1~ .immk -c- in add i t  ic:; , ~~,r-’) 1 1 uoad d i s tamices  ucre i nc l u d e d  fo  the

cities a! Canton , Col - l u , and Tol edo  in Ohio. T hes e  c it i es  ‘~ere c hosen t o

provide a sp ; -ct  u u :~ of road m c  t~~or k r e n ; i i a r i t y  a m i d  v a r y i n g  d c 5 r c c s  of a cco~m—

~oda t Ic ’ c to  p t ’ : j c d l  e t - - - t  1 m m ;  t i e r s .

F ive di o n c e  1;- . - t  
~~ - : : :  - e o t . i 1  : t a l c.~ rod ;  Ii- fur ccr~~id r t O

Th ese are d c c o t .- -3 f~~ :

r) k~~~~~q 1 ( O )  - r~~( O ) I ,  k > 0 , where ~~~( C )  — q 1 cos  €- + ‘ h i  ~~~,

q 2 (0)  —q ~ simi  0 1’ q 2 
do : ; 0 • - m d  m u d  l o r l y  f u r  r

1
( O ) ,

d 2 (q ,  r) — d ( q ,  r ;  k , 2 , 2 ) ,  k > 0 ,

d
3
(q, r) d (q, r ;  k , p ,  p ) ,  k > 0 , p > 1,

d4(q, 
r) — d(q , r;  k , p, s), k > 0, p > 1, p >

½ 1~’I m2 12
r) — ((q—r) ? - i ( q — r ) j  , where hi 

~ 
le a p ositive d t f i r i t e

syi~mnet v ic  m a t r i x , (q—r) i’ (a k i n  to  h~~ a 2 x 1 co1u~mn v ec t o r ,

and a 1 r J r .tt deno em, t h e  t ra nspose opt- rat ion.

— 2— 
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I -  t I c  r c c t , n  a l t  d l ; t , n c e  !u a c t l , - n  c i t h  ax es r o t a t i - t t h r o u ~ 1; , . . : : ; i tm

froma i i ; - - c ’ r i g ! m m m l  0 c l - t O m  t e  a x e - . , irmi l t i p l i  J b y t he CC nsHi!l t I .  u~, i s  i ;

E u c l i m t c ,n m m - - t m - i c . d 3 a n d d 4 r e p l a c e  t I c  m - ’~u i~~’ r a c t  .,nd r ’ c . r  of t t . t

Lu e l  i d , - an ce tr ic b y 1 and 2 p a r a d m e t e r s , r ;u I u - c t i v r l y .  d 5 p u  f t  - - 1 ;

~— ei gt m t i - :g t he - i , r c d  c c , t m t f n ; t ~~- di l l : r e:m c - -s  d i f f e r e n t l y -is ~ , - 1i a s  3

we igh ted  cr u- ;m . — p r o ’ i’ ict  t u r o  w i th in  l i m o  m ’nar ,-  r~’~~t .  l u ll ‘‘c~~1 , ic:. ’ g i v n

the p c i n t  m a t  1 r f y 1:~ r d1 
C; ,0) ‘ 1, f 1  ,2 , 3 , for k — i  , p > I a m  t- - n - - . t r i o  t~ 0

respect  t O  u t t H - t m - i . l  C -  ; r d ; r m : t i -  cc-es . 0 : - c r , d 5 ( q , O) ‘ 1 ;; ‘ : ,  m , 1 ~~: a

of p o i m n .s q at cm-m i t  d i : r c c , c  fm - cu- t i c  o l g a  i-SUIt f . m ’ s m  an ; )  t i pF c . ‘10

true ~. i I c e  ct , ( ~~,O) ~ k ’ OJ 1 1 I i ; ) ’ :. onl y if q ‘ -~ = I. Ti . - Iucu~ i m c : :

2
q such that q ¶ t ’ ~ 1 f ur rus an e l I  lt ’ :.e ct . r. < 6m

1
rm
3 

and t t m f &  j u t  ;; ;.;I tv

holds s ince ii is  po s i t i v e  th f i u i m c - . Co : ; -  5 m v - n t i y ,  .1 d i f f  - a t  1 0 - m m -. o f  dir c —

tional hia~ In d i m m t c m ; c t s  I c t - ~- c -t-: pe ints  I~; e -c f - ) e d  u- mIt: ,-. ‘.err - us e lu g d1,

say. S1- - - c i f h . s l) y, thu d -mm - e c t m m m !  I-Cs ‘ c u - ’r - c t  in d , 1 ¶ t ~~~ i t 1 a m  t h e

t rave l dIrt O t i s : :  cf g ;d - a t m -  st C5~~ - 1e r ; ; - : - - J i c u iO r  t O  I’ ,

d i (f l c u l ty .  ~cr d
1 

tho s e d i ,  c 1 0 m , m — c i , -  c.t 65 ~-.::, 1c:; to cus :uoth , :,

ig j n v c . i j  m~~ urm:1 - i  r o t i i o n  of t L ~- sc- a S i m O t ’  t ime beci  c i l : t - - : t ; - a i f  i:-. ’ ~

chosen through t Ime parameter is 2 in ac rordouce ~:it h a be s t—f  it c r i t s u  ion.

Except for the F.uclidean distance function t h e remsa inimig f u r ~~t i o n s  m c ’  m . ’~

inva ria nt under ro ta t ion  of axes ;  the anal )-St ’s choice of m x c -s  a f f e c t : -

ability of d1, d 3 and d4 to accura te ly pre dict d is tances.  The inclusiun of

o in d1(q, r) a llol!s for a proper ly  or Iented coordinate sy s t ems  to study t lme

ability of t he re ctaug u la r  d ista nce funct ien to predict  urS.sn road dl: i . . m ! c C - m .

d5(q,r) has hu t three par aoe tors which must be estlta a ted since H is ev m :r~-t  t ic

and since any mul t i p lic a tive constant k can be assumed to have been f acr .cru.I

in to the values of in3,, in2 ,  and The i n d i c a t e d  cond i t ions  on the ~‘ - ‘ t ~ - - Icr

are required for  convex i ty .  The au tho rs  hi ve shown th a t d 3 (q , r )  is c t - a - t x

— 3 —

±1 
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The sui t a In t he - -  pt n mx tom t I - l i ;  1 t i  d
4 

(q , r) an- ! d ~ (q , r) are cii so

c- fl ex .

F.: in c- -il Ii m m m ’.c- t - : n c l  ion :; such am: d.1 , d - mmi i  d , c - n 1-i’ u:.c ht - i6 a

u u m l - e  o f iF- p b im - a t  i - m i - ; , i -no r - pec lf  I- ipp l ic .m t ions ut !; S -u. - couc to tI-

a n t h e r ; ; ’ a I I m - t i m  ion i re  ‘ i~~c u s s c d l ,o - c .

1. \O-l - - - Tm ‘- -‘c 

10 leo-s c , :- .,lker , and t t u u m o o - r ( 5 )  have tcm ~ : m m l . , t .I ~ .~ll-0, ’~ - ; t m - - u t I

t o  predict imi ~ f i r e  ‘:-~immc t r e c -  1 t ice -is 10-I in

I f  I ,~~T(P) - .

+ D IV c ,  i f  I ) >

T I nv ;.ig ’ f i re  -n ;:Imn- t r : iv - l  t f : - _ - , P is t he 1. - :m : C of tt . - u i - m m ,

a “ a c c c l  ; oli n , dc d ist imecu - rcc ~uired to  t o l l- y e  c r u l- . ing v t - I :  m r y ,  and

c r - i s i n g  v t - ] o c j t v ,

It ~~.uI i ’ sc ,~~ ]u~~icmm l 10 Ii itode l or e ‘ n a t i o n  of ( c m i i i  I.’ a --

icr ~ i im y O t ~~It . T  1 ) o f  - a  :I :Ic t: .v- 1 t i : c m m ; c-c- mi! ’~ c o t i e  immdo-s -u - i cu . L

va t tal l of m I m e  c - cu t- i I s  10i ~:o~-:- l mC ’ t .  coo . [ m l,::; t t : P  c c p ii fcm10 -‘ i 0:-i:.

ci L t ; [ - . i. . : t , g lut - n h i m -  co - - r t i  - :10 ; ;  of S m ;  ~~ : . t  In t i - :  c u t . ;  IC lu  ‘ c m v -~

and t I. - c o o r ! i n m t e s  of t he mme r s ’ ic - center , t i e  t m ~~s- c- l  d i-~~~ nce r u ,’ h e  l;~- m . or. t a

wi t  h u t  t him m od ’- 1 . ~P,cn 1 ar~:- m:,:;:S-u n . of p o i n t  m m m m m c  to I -  cons Id e mo-n or t i to

points a r -  not known In ‘ t v - a ce ( i .e. , n,i y be ge n era ted  u ccmdoaly or I t c r~i; I. :-
]

by the r-.odcl), l i t -  i L m: t . . , ~t -s  f us ing  an eimp fn lcal d U t , c e  f unct h -n  are

obvious .

2. ( I i  - - m l  o r C’ . - t ic:i of he ‘1 I tetw o r hc

Time he- - h - I  it  par ,1 ia - t cu  s of t ) mC d is tance fmim ~ t ions prs- .- ide for reduct Ion

of large , l r , , m y , t  m m of di: ’, . : m : c e d a ta to a form v tm ich  umakcm4 1 - : - : - i l -ic certain

genera l l . - t t i o m m ’ m  .m t - ’ut a ren t  fl,- t - . -o rl: . C o m m m - h t c r  d (q ,  r ;  k , p, p). It Im and

p ~ I, t i. - f l i t — il I:. l m m , l c u . l 1 -, ,m u . -~~t m n ; - - m lur g n u . A ’ - I. i m s i t - a m - i s ~- h m i J c

— I —
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p ~ I I t o  r i  - -  I i - . a m - ‘ - o d u l i r  b i ; - ;  ‘ - mmi i, t i . . t  t r a v e l  1mm c m .  I. c - f f i c U

p ara 10- i I-i ! 1 : -  e m :  I - 5 .0m m 1 ccord 1 m m .  0 ate s and least c i  f Ic I u - cm c t  6 iu 0 
-‘

to  t b - :  ..~ .e :.; h u t  i t ,c’te j~ a:1 I: i u  e.-: ing nc n it : - - i t  i t . - in the ; i t m . t - _ i v .  A

c oot lu , : , : , m -- f i t  - tangula r f - l a : ;  I-. meas ured , l t 05 I p < 2 . 11 p 2 , (lit

netu- u m i .  is imig I ly  S-v - Ia; ed m. ince ‘ f f U i - c c y  of t ravel  I - - not m:i ~:nI f ic .mnt1u,

a f f ec t , - t  h-, d i r , -c ~ u- mn-C I t y .  li p > 2 t i -  . . . : e c t  1 0 0 : 1  b I a s  is j u s t  r~~~ i m i m u c o

t rave l in cj s t  t - f f . c i - : m t  a t  45 0 a n - i -- ;  to  t i -  m i t - s  a m . i  l e a s t  - f f j c i , - m : t

par.i flt-I to m - f- - -  m m- mt -mm ,

T ime imc pl l c i t  miscu o p t i o n  1.- m e  I’; i t .  m u  t i m -  ‘ I  f e c . t u -  of ~ 0mm - I p a r m -  s -  - - .2

which i c y  riot Li s t r i c t ly  v,:] I d ;  e.g. • k ucay ; ,s t  i -u  ir ,t  r ; - r - m a t .u ie as t I m e  rm- ~ e

~easur (- of c m m r v - t u r e ” s c -p , m r . .  I t -  and a par t  f m i n i ‘ . Simi lar  no: I - -- c s  a m ; -

possib le f om the m u  a iuiiu:;: d i s t a n ce  funt t Ions c - ans i  1- d in mi s  st ud y.

3. V - i  f 1 : I n o  ! ) 1- - t ~~~c e -  Ii; 1 0 - I  ‘ t m,or i’c .

A im Ginmlurg h  ~r,d 11am . : ; :; [I) sup m ,m- . . t  , it is nut ,muico:o:. n th at  ro m3 nc t—

wit k d ata a t e  u n m e t  C L ]  m . (152 o f  hi.’ in s m m -,~
-.;~ et  c d  m e c d  cu is - -  ‘ c c i fcc t Sc-

are I t  np t h  f - u t ’ . - -ii m c m li- ,; i Otm. i j  c1,-:::e\~~r m t - t m ;  . - -
~ d o a s  o c t  lie in t ’ .e

“ c o n f l - I , m . . - ’ 1 :0 m c . I ( ( I - c ) d ~~~. ( I 4 u ) m I ~~.) .  1 1 . - c d Is t I -  c c t f c , : t . d  ~

and c I s  l u - m u m  l r . t lc . : l  ly d - t - u  m sim; e d .  A ( u m ; m ! m . ~...:; . ‘. i n ;  m mn. ; 1- e r  cm -  n m - f - m m :  p1st - c

~ igi;t t . :  m oem ;  to-ad network  d t  using th is  - ; - , i i  u s ! :  rc ’ p l .mc in~ ~~~ 1 , - one of the

e~~t ii m t  l u g  lunch ions r u n m i d o n t  ~ in t h Is  s t u d y (If :;:Jc co o rd f rm LeS can Ic

obtained). ~ e have fot~rd thi s to be a u - J u l  t e c h n I que fo r v e r i f y ing d ata  for

t rav e l i ng sa l e - _ n ,  and t r u ok  d i r patch in g t i ode ls .

4. Fa n ]  i t  1’ s l o c c i t l e n  I I c i J c - l s .

In f a c i ] i t l m  . loca tion models time o b j - c t i v e  is t o l o c at e  p r i v at e  or

p ublic un Its such as f a c t - n e ’ ; , d l ’ - t r l f . , i t i o n  c - i t o - i s , ambul a nce bases , posta l

stat I u- m i - ; , ~- t c . , to opt im lz e an ci ft c t ive ne c c r 1  t t ’ r ion In~’o lv i mig d i et  .;m,ces.

E~p 1rI r .~l d i s t m m m u c f un ct ions can ic ’.; ; t - v i -  es t  it: : t  Ion c f  road travel dl: ;t -00- u -s

to It ,-~ u t - c t  lea I 1.-i c Iii ty locat li-i s  which c-n y be any s’hero in ti,c’ ts-~ —d ~~
- - r n -  l e m m a  I

contit- ,uuiis or obv l it e  the n c - i  to Im ; uh i - ~- id i,illy c u l t u r e  cmyri a d s of dist anc e s

— 
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vim _ n  1.,- - Il~~m - , t u - m ~~ t L - m m - i  i t o  t m - u  t n i c t c j  t o  a I i i t i tc’ set of  c m m ,. f u.u la tu . m. An

s i  <- ui - - t v  - - I IL] i c - u  . ~~~~~ 
- I ucat l i t ;  I ime o t  y lit Cu at tim - C it ; 5- Is-cit f Fm -i ui 1 ;

a- . t (- -. ] d a t t  Ii; ~2 )  ci m .mI a I i t u t .  ‘ - - r e  r i - s - I c - .- i f loo t ion In co : : t lma ,u 

by v u - :  1 - a ~~. ( 0 ) .  (onve>Ity Ir a ; rt le : .  of the dl:,t mnce funct ions nay l-~

imp; m l . :  t o  t im e c u t  r at cent I mm i:nus u p t O  e loca t  lcmuu moth- is. It is In r u m ;u. .:: - i

to t h i s  need C a t  c c  h ive i:ic lu-li’d a di~ cu ns iotm o f convex i t y  ;‘ ropcrt li’:.

2. St -S Ign o f t f ~~ St tid y

Ohio c i t y  d i n t .  m c i - s in m - .1 i~~s t’erc de rived I romi clnt~ s upp l i d  l.y :5,-

Oh io l t u - ; u: t:,- m mr _ o f ‘1 m :ici5~uoi .t  ic -m m . T h e  data cons is ted of ~ i im - i c t ~~r.t ;- .- t h

distances i - . m - ’~ c t - m:  o u c h; m. f mm : .u - l ec t ed  nummuher of centro ids in a given c i t y .

‘t he L c - c t - m : ; 5 u 1 - mr c o o r d l m - a t e s  im; r i les of each cent roid w ere also supluI l id .

The se lcc i d c c n t r  1:1:. v-~- r c  c hoscn to give a “representa t ive ” spread o f

pol ntzm w i t h i n  t ime p a r t i c u lam m m i l  in boundaries. From these , f i f t ee n  points

w i - i t  cbm;c t cmi n m: c m  I ,- for eadm ci t - i - . TIu-~~p poir .ta icre utmed to gi-nerato a

i - a le cf 105 :m - t u - , 1 m m ; ’ . !  d t s t ; . , m c e s — — o n e  for  the d Istance F ’ t . -2cn e t c h  p - i c

of o int . ~ I tm c c’u;s ; :~ roa d dir Lnm m c cs  c , C ca lc ’ .mlm m t ; I urI m- g p- .:h1 I - h n l  ra.- ,-1

t~aps. An em f . . -~- . m-mmc. ~ co- -ill fmc. t  -m sy r t e ’ m  scum - def ined nod the f i f t e e n  sa:. t u t *

get o m t  Jn p - i : r s  i - i - t o  s e l o c t o d  by ranr ioi’ly detern ining pairs of co ormt in . ;t i  - -

and d lc c a r i L-:g p u i m u t s  c - r , i c h  f e l l  o u t s i d e  the stud y area. Dis ta nces and 1’~~C-t

c oo rdinatt -s v - i , ’ m .: e .m ’ ur c ’ d d i r e c t l y  f ro m the maps in eighths of inche s . This

in t ro d mu ce s a d i f  f t - r u - i c e  In t he  c u e  of measure m ent b e tc een  t i e  01mm and

W is con s I n  d - u t . . h im ; m i i i -  d i l t  - r o : m s e  ex p lains the l a r t - . r mm. - : i , n l t c : de  of v a l ues

of the g o o d m m c e m ; . - o f - f i :  c r i t e r i a  AD 1 an d SD 1 in Tab les  1—5 for  lj ls c nn :.In d a t a

rela t ive to  Ohio da t a .

Nordbcck ( 7 )  - t t m - s  that- a divisi on of a city Is neces sary when model ing

road d i r - i i m c , - s  if a r iver e f f e c t -  a se pa ra t io n  of t ime road net .  This Ic. t r u e

since the road net 1 - t w u  m m ;  a b u c i i r  of poi n ts • one on each sid e of the rive t

-6-



is Oot 5- :. u c m m e u e m 5  m - I:- - t ;  t r . u v c l  t m m U : t  be t i - m u t e d v i m  i
~u~i~~u~ T;u u .-~~

]or ( .  t I _ .

cc i t t  i - ru t  1 m m t l u  St  wh y ,  a r,- m m u m fa ~ . -.op l u’ of f If s-en u - I  ‘ Lu- cu - : m t  rc- t m i ’ .- . i i .m i - ’

Lot i i u l m - .Io v u -r u -  o Smium n f r i- m m t hom. t ~ 
- - t h - ’  ic- I ‘ I  C ;  £ 51cc  ~ 

,- -
~~ f

d iv ides  t im e  c i t y .  Th is  c o u i s . m - i t i m t e : .  t I m O u - v u :, t i m s e t  of mom: ;t ic -  1. -u w h I c h - . 1  -

be des I ~n. t 0d the 1,-i - ml;: f , m f - .i r -

Fit t ing Cm I t e r i : m

As in t i m e  I’m- i -c-l c-m u m - t ; :  I - , , t m :: cr ~ t t- ri mm of g o o d n - m . m m — e : - - It  ‘ - - rc u~~c d

m e t s  o re t fm i ~ ; c ( u m c c c -,,- i f  C. - f - : - ic t . l -  m m : . . ~ l.c - 1 c m - m t  IS m l . . - r m h u - i ; . : ’ z a m  i i - : .  cm!

num of ~ l - m ..u’] ute  d i v i . m t l  - i -  g i s t - m u  h - v

AD1 E d1(a~~ a
1
) — A ( ., 

~~~~

1 14 ; t~ J 4 1 15 and I. (a ,~ ~~ 
is  I ! ; -  5: - t m : ; ;  1 u .md dish :nce

b c t v u  cmi  1 - c m i m , I m .  a
~ 

and .m 1. This m i tt - n  m u ru. ’~mm I r cs  cut  C_ mt  i c :  of ; c m - c L t  r

actua l d i m - I  - i t :  c s  ri - i.  - u ivc- ly ‘ - -cu- a cm c ccc:  i-i t m :~ - - cc d - - cams - c - - . T ime

sc -cu - : : - f  c y . u u  u J o f l  15 t c m.m m m j t -h: -: a -~ c 1  a stem cuf ‘c i : . mt  ~ m- ~~~~~~ 1. .’

SD1 ~ ( ( d
1
(m ~~~ a

~~
) - -  L (a~~ .u t ) ) f .

~
’ . ( m m i , . i ) } .

j< t

Divi:. lun, by , c’ ) n m , r ’ c m I  l : :cs thu u;: l :.:rc! f u v  j co ic - m m m u d  r t m : d u -r :; I it t ,:

cr i ter i o um c ure se n-~m 1ive  t han the f it  at tu lm ; m ge v m l m m . - - ;  of Id 1 
( c m . , m

~~
) — .‘. : ci t ) I

in relat ion to A (a~ , a
~~

) . In this way SD f ci f o rm ;  am; ii lo u um.: t I ~ u - u : i - t  I- .u of

g u m .Im u u s s — o f — f i t .

Para meter De fin itiom u

The pa ra meters  of the lumu ct ions were chosen as t i m -se which i u c m m t  f it  t me

given c r i tc -n lon 1u-r  t i me given samp le. Tim e “bes t  paracs te r  vmml u c- . for  ea t  Ii

samp le dt ’pc -nd on t hu , ’ cru et - ion um-ed. Computer programs were  th-vu - t m p u  ,! t i

per form es hm a u st  lye searche s for  opt icisi p a r a m e t e r s  w i t h  in cho ur im I m i t - - i s- i l

-7-



iou d ( ’ 1, r; • p ,  ; - )  t iur’ i m ml - r v c u l s  of sie. ni - i m we - r e  I i  [ 0 . S’ , 7 . 2’) ] .- ium f

pe l h . ’u t - , 7 . 2 9 ) .  ~ l m i ’ . c iuuu I : c  v i ’ . r.c, uii( ’ t o  cm l i o - 4  f t - n  t f u c -  5~- - . m — f 1 t  va tm if e -  S

p u . .  - i c r  5 . - !.mll iuuj t m ,j d , -  t h e  e - : - -~~t e u l u n 1 - -  f r u ; :  1 Ii, 2. }~or d1 t h u  1 m m , - r s . m i s

of m . u ’ ,m n c im Y r  1 . m - ( O .~~, 1 .2 5) . ;cm.t e t [ . ° , 90
0
], w hIle icr :f~ 11w s e - rc h I: ‘ m u m . : ]

was I m (0.8 , 2 . 2 0 ) .  ‘1 Ic- Im . m I  u - c u t c r  sea rch  in Ii:.- 3— p a m . : - m . e t  ,-r d i s t a nc e  rc’m C’lm:

W ar con d m um t u’-d in  S hr 1., !  I - - v I m:~ v- . y , for i - cm: 5 o t t - - 2 cr c - c i a .

} u r - .u t b : ,  c r i r c r i c .m ;  f e - : t I . - m ; tc ,c m ,--c -. l , m .mtc d ci t  u -s- , - ry  grl f — p o u t :  Ia cm

cm i f . . - in t b ,  r - r ,e . ,  t e r  s. t ic - , um mimi ” cm ~r i ’  t h  of 0 .1. It , 1 cm - I  a l l  u a

t ime rmj t i:- - - : a m  v . 1 u~ of 11w c m - i t o , ; - :  f u m ; c t j c  , i  i i :  m l  5 : - j i m - i  ot cmi ; h a t - u  c ur -

o f ii, c :ml m . \d ui u- c t m . l s  did not bm. ; ; - pcn , t ic ’  procc uct :  v - s  r m - ; - i - m t e I  a lt e r

sh if t  I m m ~ t ime ciS m- in time ’ ; m r : u r - - I - m  Lmt a  d l u u . c t i o u m , unti l an inter ior ml’  on

the 0.1—grid m m  f i t : - : -  :1 .

A t  this l u  :: :t  a so m r s - h  v.~s conducted on t ime gr l u f — p c m I : ; t -, In a cmui ue v’itbm

~ 1d c - l i m ,- : l, 0. 2 c u : m t - - m : d  on t b - c  I - . t  tmo l:-.t in t h I . - Cu- -- :‘~ d . ta 4_r.~ a I- mi-I -

widt :. of 0.01. l. - ’ m m  S b  - u ..!m ;li:mm - r ~‘:u l m m i -  , m f  t ’ ua c r 1 5 .  r t o u m  I m m r c u i:un s . . ,; 01- ’ ‘I

at no m u m t c r i u m -  ;- .u l m . t  of Li- c-u ’ c , t I e  ; - ‘ ncm’ . -’ L ’ r scc . m c h i .iO  0 u m . i u . : . m m . i, 1 : 1 - s

h ap j u t - t : u -d  w i t h  b cu5J m Cr i t u r ia  icr  all C(- >d r ; ; u ! m  - m l  cml , -u:, , s c  d 5 s:.- s  i-

Wi t i m d4 , how ever , iii r ma m m y c as e s  tim , sea u c i m  as . r t I u - f ine grid hm ii d t it 1 e re-

pea u-f  sev em al  t 1 m ~c - m , . Eac h t lc.c - the cu~ie v-a s sh i f ted In an appr c ’ ; -r is l e

direct  Ion u n t  ii .a mm imuter ior mj nf: ; u :mm was found .

T ime s. c , , .  ;.roccdurc -ccp l o :  d does not enssmre that a g ] c ’ l - a l  opt I: - - mm ( to

2 d e cim a l p o i n t - )  iii found. } Ic: :u-v o r , r e s t - u  cml of tim e par . . -- c m - e r  ‘.‘c, l :- e ’ . 

v e r i f i - uf by do ing a t o t a l  c -u mm n ’ .o r :t i o t i  on a rc l,m t I ve ly  c o a r s e  grid ( .1).  t m -

fee l conf ide-nt  • t h e n - f o r e , that  the  repor ted 1 - r i - - Ic r  v .;b uu ’c in nmu m; t c a s e s

are opt Im.-i l. ~‘hcre th is  is not the case , t he ro ; ’ - - t  ted f i gures a re  p r u cha t - l y

n t - o r -  u - 1 t 1 m m !  at  Iea’ .t w i th t m - s l i t - u t  to the va lut- of t h : u -  c r I te r i on  lunction .

— hi- 
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3. S t a t i st l c , m ]  Te s t s

Time d i f f e r i n g  em - m t ituat ing scc:mra cy of Ii;:- d l s t a m ; c  cu funct ions c s m m  h- c m

a s s o c i a t e - I  v j t h m  ci t ,it I m: t ical ~l~~u mi f  ic am, ce t m ,  i u t ~ the’ t — t  e - : , t  for cc - u t  u. mc d hicm ic -m .

Define X1 (a~~. at) 1d 1 (a j. at) — A( a j ,  a t ) I / ~
’;’.. ( a y a 1 ) and the d i f f c r u - m : ce

dX g1(aj. a~ ) .‘ Xg(aj, mi t ) — X1(a. , at). Ehich; such diff ercn cs- is bc - tm — e n

ohservatic-n-s on th me s-mi n e se lec t ed  road d ist ~~m u c r . D ivision by Y ’
~
’
~~

., .1
t

) It ,

used to accomp li sh Iunm- - - :’scedasticft-y . Thmir . was necessitated since the vori m i —

tic’n in Id 1 (a j  a 1) — A(a . a~~) te n ds to lue d i rt - i Li 
~ 

ru - l a m - u d to the ac:  I :

of A(a j  , a1). Tfuc ,- .~ d;- f i n i t 1 c n~
-- load r m a t u m c c l i y to  .m t u~ -s t  ~ f cli ff’crc iCu

between ruec.ns based on m :m --m tched pairs. This tear , as opposed to om -Lcr :. L I m i t

i.igh t have been u sed , Is unaffec ted by the lack of Independence of t h e  err- - s

in the d is tance  func t ions .  The test statist ic Is t -f dX f /S........ , m m l : c r eg dX g f

dX
g1 

— E dX~ j(a~~. a
~

) f n , S_ is the t .t m m:i iha rd er nc -r  of t ime d i f fe rence
dX

g f

and n”) 05. T b ,:- mmcmcm-s m .au  y asr - m- ’ : ; u t  ion t hat  Cmi- po i- ;m lat  Ion c- I’ u.i tT f u  r., :.OCmm is ;

imnn. a 11y t i s t r i l ’ u t e ’ d  1 mm order IS t t ,~ him’ s t i — ’  1— ill: u - s ii- ;:t.ru’m u - i t h  n—i

degr ees of  fc.’edo ,m a ; tm-c ’cm i s ru—ac .oum cml u lc In t b , i :m  u - - m u m - e x t  of i - r t f :a -,t Iofl c u - c - c c .

Cons ider the f i r s t  c r i te r ion of g o o d n e s s — o f — f i t .  If d~ ac tua lly  pr o—

duces value-s of ADg lom- .’er t han t ha t  for  At ) 1 then imluich is rami e cii o f

terms of ADg and AD1, has a nega tive exp ectm .t ion. Sa id nmm: u , t f - . r  way ,  .1

is “sore acc urate ” t han d 1 t hen t ime average value of X g (q, r ) should he less

than that for X 1 (q , r). As the computed va lue of t gf -. — ~~, the v’ei m;b m t of

samp le ev i d i ’:-cc f a v o r s  r e j ec t ion of t he null hyp ot huc ’cm is E ( X g (q, r ) ] — L [ Y ~~(q. u ) ) 0

and lends statistical si g n i f i c a n c e  t o t i m e neg at ive val ue of dX~~ . To give

subs tance to this notion a significance pr obability is reported as the area

under the t— d i st n ibution with 104 degrees of freedom in the interv al ~~~
Al thoug h a t- t c- s - t could be devis ed a nalopemm m l y to be associatod u -sl th t ime

—9-

____________________ 4



t m  : i- ; .l c i I u u ii si C’ I u . ,o .ta ; - m u ; —u ,  — f i t  tim Is s u S ~~t ib ueiu I .  m d- — r t us ,mv u .  i ,1 e m m.du ; u

j r - l i f t - r a t b c - m u of c i t . u  1 . 1  l u - al t -  m m .

4 .  Pr c- - . 1 - m t  a t  i c -n a mi d Au ;cm 1 y ~; Is of lIt’s ; t i l t  s

~T Ie r e - m i l l s ;  of f i t t i m m g  t i , ’ f i ve  d ist ;- ncc e;- t . j r ctt 1 : : - f uu umu u  I c-n- , u _ c m  t b - -

5- ’~~en u , i m ;u p i u -  r em - u; ci  m m n i - ,n mini r m m s t l  road d ism - a m mc c - s are- m u c r .s u  1~~~- - I  in

1 c , f - l u  S 1S .  T h u S t c , t I ’.L I C . u l  v a ) u u  s , us s oc iat ed  v- l I l t  the f i t t i ng  c r i t rla i i i-

g i\ - u - um In TalL 6. Ci . r t a i m ;  obser~’ i t. bou ; c ccli; 1- - - ’ m . - ’de .  T i:c- p m - o u f a e s - s — n l — f b t  cm ’

S : l Is t  a c t  mj , , i  r - -  d i r t  - m s c  cc  — - ,  s m iner or o t I at of d
5 , 

t ~m c . 0 t h -  m l

par. m r  f m ; mm 1. -m m , m u m  i - - - i v  ca se i - x c u ~-,m1 for tScm r m m m a l  Uisconsin d a t a .  l’t.-.t 1~ —

t ica l sl giY.f Icance  .mc c am m .u n ted  this superiority in t ime Co~ - ambun , III I m I - c e

t o l e - l c u  min I T m.1 ~~. i1u 1,; m hmci ’ cc, m.mimc p i e s ,  d 4 l u mi l i- u s  d1, d 2 and d 3 as spi u’ ial c ascm s m

mind t m - - ni -f -r e ’ e , t  1 :.I t u - S  d m . r : n c e  at j ; - a m , t  mis ~cru ;- . ; t c1- ,- . Thj~ m. tr :::-ti:m.i 1

r m m p e r i o r h t v  I - b  m- m , t . u t i - t l c a l  ‘.1 ,~m m m f i c a m m u- at  c - v e r y  o p p o r s - ; - ; : i t y  en-: :1 f t - c

au - u I u 5
3 in t I.:s I!mtulicmo r i i] rurm h I im - c tm  Is: uc m r ~~L - - .  The f i t m - i - d  p .- .c m - - : - s-

c-f m ’~ do t : u t  m - m ’ S  f m ; f - rc . .u m - c - : itv  t. - m: 1 f m ,  i -am: f o r  c m - cm’ l a m -  u_ he- 1 , .d is ou m a mmI Sii. :-j I

d a m - c . sn cm su . ‘ T - . . m i  re a l t u - t v  f u e- . t r . . m , c -  the u -a- cu f t h u  In f a c i l i t i- s  It c.:1~~oml

o b j e c t i v e  I u s c  mc w ; m ic l i  m r -c  b u r t  of un -an b ea t  m a t :  uco de l~~. A prc m :t  I c-e l

rcu~cd y s - c u m ld Ic to I It time pat  a. rs of 1 , emuth time condition ~ 
s. Tb - c

sin~- I I f y im; : an - :  ; - t i ~~sm t : - u _  p mm :m u h drste-d by I .rcsic ~m s ~c .uu 1 t s  [ & J  d e c - c ’  -

see m j us t i f i u . I  for t : e -  C ’ hu io  d a t a .  The fiio - d pa r c . cm.s - t cr values for d 3 and d 5

m : at l s f y t i e  u u : . 1w c t i v e  c- m m - r i  m - y  cond it  I - .  in eve ry  c a s e .

Th e r e ’ c t a s i .~e m l . u r  d i s t a n c e  ucu l ion d 1 does not Imi r e v-c- I l  In r e l at i o n  to

time a l t e r n a t Iv e  s .  In i c , - m t  c m m SCS h i m .  i n f e n i o n i t y  v - mis  subs ta n t i a ted  by d c - m u

s t a t  i s -m t  ica l s ig n i f  Ic ;mnce .  Indeed , only for tim e-’ ~ i ]v- , u u m k u - c  ~a~tp le did the

accura cy of d 1 sum rp a um s i- v o n  that for the Euc l id c . in fu nc t ion  d 2 .  Time co n t put cm—

tionall y conve - uul crir u t .- ;m mgmila r d istmincc m may therefore p rovide a relati v e! - .

poor fi t to a v ani m - ty of t ,i bmm mm ,iatcm bases.
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Table 1

*M i P c m r cu - t  c - tm - 
~L~l

AD SI) 
Ia I I. $ 

_______________

Catiton 123.05 (136.71) 1 .04(0 .95)  21 14.11 (17.86)  1 .03 (0 . ”-)

Co ] emcmml - u ms 86.07 (88.35) 1 .02(0.99)  5 10.53 ( I n m .91) 1 . b 1 ( l .O - ~

Madison 10 15.96(1057 .i.)) 0 .98 (0 . 97 )  4 157 .49 ( 163. 6 2) 0. h- . ( - i . 98) 3

Mi lwaukee (I’I;. t m’ u ( 727 . 10)  0 .95 (0 .95 )  5 66.86 (8? . b-~ ) 0. m. .,( .h’~ e

Rural %-~I:;. 50 0 .42 (515 . b I )  1.05(1,05) 3 94 .95 ( CC u . 3 S )  1.04 (1’ . ) 3

Tol m:dc-  99. /3 (1l4. tb~ ) 0. 97 (o ,9~ ) lh 14.47 (10. -tv - ) 0. tl- lI(c- . -.4 1.

Toledo Sub. 69.60 (76.12 ) 0 .97(0 .94)  15 11.42 (ii .~~d) O . 97 ( O .~’- . )

*Fare nthmet ic a l values correspond to the original a x e s .

Table 2

i l InlaL1:,c F. r,- ,e t u - r m .  - . u! ,

- 
S i r  p t e AD 2 k SD 7 1:

C amm to ; m 78,39 1.20 7. 11-2 1,22

Colu:ab;u s 80.20 1.27 8.78 1.28

Madirom i 669. 40 1.25 125.73 1.25

M ilwauk ee 714,83 1.16 72.17 1.16

Rural W is. 480.19 1.35 72.90 1.34

Toledo 76.13 1.21 8.70 1.24

Toledo Sub. 49,17 1.21 7.18 1.23

-1 1-



Tmih j e 3

*)i ii; ’u r t c i r . -- P. - n . l ’se ru - m of

. AD f__ I) .
- 

3 k1p _ . .~~~~ - .~~ I m P .
* *

Canton 65 (2 1.16 ,1.49 6.03 1.18 ,1.56

Co lmu nb us 68,54 1.18 ,1.47 6.86 1.18 ,1 .45

Madi s on 830.34 1.16 ,1.48 113.24

)J i ] v ’j u¼ee 508,81 * 1.03 ,1.30 46 .31

*P et a l  h i . .  452.74 1.24 ,1.45 70. ’.S 1.29 ,J . (

itt ] ;u 71.69 1.15 ,3 . 7 4  8 .4 1 * 1.20 ,1.13

Ic- lu dci Sul . 4 8.13* 1.16 ,1.78 7.07* 1.21 ,1.81

*h n t n l c - s  u t - c - s  u — mm- - b t o  m c  l b i m : m m l ; ux c- - . or axes r o t a t e d  ti mreugh the ang le- b v - - i m
1mm T .3 - l i -  1, u:Iutc - . u  r case  v j ~~1d~ II - ’  lc- - .- - r - r  cr11 u ion value . An a s t e r  Im.~
denotes t h u m- t iem’ r- null Is; lot- rotated axes.

Table 4

*
: 1  s u ’: b c-c e- t i-u - ‘f d -

- 1.D SI> 
u~~~ . . 6 i J~~S .,~_ j

~ ,,.,
*C a l m - i - a 60 . 3 4  l.43,1 .66 ,1. ’iB 4.10

Coltm . b u m s  53.76 1.45,1.38 ,1.52 4.39 1.49,1,61 ,1.57

MadIson 824.20 1.03 ,1.56 ,1.51 £13.20 1.14 , 1. 1 - 4 , 1.53

Milwaukee 508.81* l.06 ,1.3(~,1.3O 46.29 * 1.03 ,l .3- , ,1.33

Rural WIs . 467.10 1.56 ,1.50,1.59 70.24

Tol edo 54.90 1.56 ,1.68,1.90 4.95 l,56 ,l . 71 , 1.92

T il ed e Sub . 34.08
* 

1,55 ,1.88,2.12 2.69 1.64 ,2 .35 ,2 .10

no te for Tabl e 3.

— 1 2 —



Table 5

H l n i m u i z i r n t  P a r c -  ter ’s ef d u

Sanp~ e AD 5 
______ 

SD.~ nu1

Canton 63.37 1.47 ,—0. 4l ,2.02 5.17 1.4” ,—0.29 ,l .42

Colunbus 70.99 1.46 ,—0.99 ,l .78 7.52 1.50 ,- 0 . 0 4 ,l.i l

Madison 855.30 1.65,—0 .0l,l.66 120.00 1.64 , 0.00 ,1. 1,-’,

Ililicauke e 657 . 70  1.64 ,-0Jm e ,1.27 62.05

Rura l 1-l iti . 430.60 l.82,_0.68 , t .buo 6(m.80 1.8),—0.36,L t

Toledo 67.90 l.52 ,— 0 .23 ,1 .37 8.01 1.57 ,—S . 2 l ,’~~ . m

Toled o Sub . 47.54 l.58,-0.09,l.43 6.77 1.70 , — 0 . C .G , I . tu, I

Table 6

Val ues of U\~ f end Si gnificance

Frc-b cmlti) bu ~ec’ (I’ - . - . , u m - 1 t 0 1 1 c- ; , h  l y )

g -

2 3 4 5

1 — .09 — .13 — .l~ — .14
(.00) (.00) (.00) (.00)

2 — .03 — .06 — .05
f (.00) (.00) (.00)

3 Canton — .03 — .01
(,00) (.18)

Sa~tple
4 .02

(.87)

g

2 3 4 5

1 — .01 — .04 — .09 — .03
(.38) (.01) (.00) (.12)

2 — .03 — .08 — .02

f (.00) (.00) (.02)

3 Columbus — .05 .01
Satupl e (.00) (.75)

4 .06
(1.00)

A - ~~~~~~~~~~~~~~~~_ :

h: 

~~- - - — - - - -~~~~~~~~~~~ -~~~~~~~~.___



•lnble 6 — ( i - mi t ~m t.m t

2 3 4 5

1 — .20  — .7 3  — .23  — . 2 2
( . 03) (.00) (.00) (.00)

2 — .03 — .01 — .01
(.25) (.20) (.29)

f
3 MacI I su~uu — .00 .01

Samp le ( .45)  (. 1-2 )

4 .02
(,65)

g

2 3 4 5

1 .06 — .05 — .12 .01
(.81) (.11) (.00) (.60)

2 — .11 — .18 — .05
(.00) (.00) (.12)

3 iii) ::.ul.c c — .07 . (t 7
Sar p ) i- ( . P3) ( . 9 5 )

4 .14
( 1.(u3)

2 3 4 5

1 — .04 — .07 — .07 — .10
(.22) (.01) (.03) (.05)

2 — .0 3 — .03 — .06
(.09) (.09) (.02)

3 Rural .00 — .03
Wis consin (.53) (.26)

Samp le
4 — .03

(.24)



Table 6 C -m u t Inued

g

2 3 4 S

1 — .07 — .07 — .12 — .08

(.00) (.00) (.00) (.00)

2 — .00 — .06 — .01
(.15) (. (h-) ( , (Iu _ ,)

I
3 Tole do — .06 — .01

Sa~ p )e (. 013) (.17)

4 .05
(.99)

S

2 3 4 5

3. — .05 — .0~ — .15
(.00) (.80) (.00) (.00)

2 — .00 — . 10 — .0]
(.20) (.03) (.01)

f
3 Toledo — .09 — .01

Subarea  ( . 00) (.11)
Sample

4 
(1.00)

— 1 5 —
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The ~uc1id ;- .m mm [111mm ’ i~’:m u-- bu icl t s mith- la road d u - ,m - ;u m m c’ r’s .ms lm mi v ir .h mu -’ dlc - e -m t ic’r; l

bia s C r - u ~ e - mu . m ’. lilt - f  i I . u ’~~~-. to ,,
~~ 

~n the hmi~~I’. of ac c m uc v  an- i  c o m u ’ j ’ - ’ r i u  u n .

Onl y L I u t ’ i m f L i t i u  :m l a m  t e l  1; uust imu c - .t i :, ,i ted m i t - il a opt  m i l  c o o m d l m u t .y ’ - ’-

nec d ,mm. t li-c Idm ;r h i l id. If th Is I’] jnu a lit y v -er . - luct i imc o r pc - r  1 e d  in to

throu g im the .unh le- 0 or-I t b - ’ or Iglui.il axe-; ‘ ‘ u ’I ~- used , thc- d oa imi - ,n ce of (‘~1 o,’u

I - - - tot ..l . The v.dimes of 1. v-c-re p - m u i - i a l l y hl i c itc r  f o r  t i < -  se ~~u i p ]m’d

d l s t r , n c e m ,  t h ma f m  r i - . - ] 1 m t  r — d i m -~ - d m s t a n c e - s of  ti, - pi avious su m- l y.

T he’ t ’.-o— m t o t -  h u mid iou IS t u C  t la-  j f.eb I y in li r im,r to  u - i l i u m uS 
- 

or

each h i,1 ic ’,t re - q u i t - - m a i , - c s - t h u . , m t io n  of th;ec ~ar m u m m - - m - i  u. . The v a l u m i - f

p f o r  d 3 even for the ca ’r -s of rotated ax i s do not a t -p t-ar to be c o nmmm i m - m . t i y

close to un i t y .  This v -ouml d further sub stant i;i te the lack of a -i trom m u ; s - c t - i n —

gular bias in the road m m t - ~~~u r k m ; of the chosen stud y are as. Additi on of tIme

para meter 0. as in d1, to provide- an optimmi a l coordinate sy u mt c - ,mr could onl y

~r.m~- i u . t  t I-c a-mi  r i m  .~~~y u u  I d 3, Thi c’ v - 3 5  not done Lu re iii ord er so keep the

comp ut at l i - -ta ! 1u sd -n m - i t i m a  to le rat u ic  limits.

Tue ‘,,tm mi du at  ic f- -u func :11 5 d5 prov a to icC r e l a i lv u  ly oc curo ’m c’ .

a b so l u t e .- v , lu  - i -f  r
2 Is t y 7 iCal] y close to zu’m o . Th is i’m 7lic- s t ha t  t - 5 .40 1

and minor ax is  of the e h l . ; c e  def ined by d5 (q, 0) — 1 arc gou t - a lly ci cr o to

co i nc i d i m a  v - j i b  the coo idj natc  axcu uscd in the s tud y.  S ince ~ m3, t m . ’

locus of p o i t m t s  m i t  Is f y i ng  d 5 (q, 0) — 1 is indeed an ellipse. The param m mase rs

for d 5 using rural dist a nc e s provide the greatest deviation from ther e gen e ral—

fiat i c - m s .  For th is samp le , l~~~ 
~~~~~ 

Since m2 = —0.48 and —0.36 , thu m m . t jor

ox in of t ime e h l l p n c -  p oints In a r -ou t lmscc -mm t— no r th -’ amc t d~ rcc t  ion. Addit  ic iamiu l v ,

bes t c’.tj mates~ the rural distances under both criteria . The dir e ctional

bias a f f o t d e d b y d 5 may have special app lic a tion to such rural settin gs.

The rura l d ist- mu ,c es ~imp lc lead s to the greate st value of k in each of

d1, d 2 - i - I  d 3. This *arm p le dc-c’s not otherwise lead to di n t im - ,;mu l e l ua i - l y d i f f a m - t i t

parame t ti v I ) - m e - 5 imi r  .
~~ 

tlmr o ogh 
~~ 

in rel .mt ion to tim e ’ other sa~ ple~ . The va1i..~~m ;

-16-
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of p t . tm u u -_’ no tend e ncy  tc - -.m ird 1 or 2 It t d 3, wh ilc the v aur uu -
‘ of p noel s which

a r t - & i ’ - u i l , . u  fo r d 4 also fal l al most uidway i -e t u u  en 1 and 2. ‘lb la? du .u us - i t—

are a m.~ c-- p 1e .‘iilc .1 for lowet ’ ‘,duui ~~ ~- m i c -~ SOd C-u t
1 ti -n tho ’- lot t m a

Toledo sample vb m lcl m includes some points ,  on o~-~ osite s i d e ’ , of  t i - c  I I , uu smcc r

R iv~ t , Time p a r am e t ci val u e s of t i .e  functions are d i f f e  ui - nt for t uu ‘ rre

Toled o u -los.

i n gi-oc- ra l , tlii- - a r  - - -  ter v,-ilmmc ’~ for  each I unc- t 1”n Icr, ‘- d if f1 - u u-m . t  for

d i f [cm u m u l  5Oa~ 1 cm , ~-tmd f u r  i . e  it cc- i :  i c -  IC ’ , of pu -d nuni - - —o f- ’uit . 1mm t i.-

stu dy ,  pa t -am -m t icr v i t l u i S  nc -re te l -s t f m r - iy t l .i smisme (or c’oc?m cr l (u - r im -’ mm . T~u I’m

~ig m mal s the lu m up o r t ,t o C C  of [itt ing an emu p irica l d i s t a u mne fu l u c t ion to  t) 

t ic u la r  a rea  o f st ud y when a premium is p laced on accur a cy. Thc- um e is  a

r obu u - t u me-ms In the d a t  ly e accuracy of the func t Ions but, t Ie auma l y-;t smus t

tailor the pa ram et i r ~‘alucs to the stud y are a a m d  according to a useful

tri ton -n of go o d n e as—o f—uit , in order to lll u strmite how sensi tive the

cri t cri oru fum -m ctio m ms are to cha nges in t im . par ;-: t m - C t ’  va lue,. , ‘- ~~‘ ~‘l \  a I l u

i u w ii <; teo t , 1,u ) t  I cr i te r ion vc - ’1mmm -~m in is coa t cc grid c mt u cc -cd .11 the m’s ; - - m m )

poin t. In both cCs- ’-s the gcoi,ra7bi cal area Is. C i,t c-n , m - hc crI terion 1~- I

and the grid — width is 0.1.

Co~pmring th e t~~~ table s , it appears that for d3 time second c r i t u - t i .  ,m is

convex in the param~uters Sm 1, m2, and ma 3, and is onl y ~1ii’ht ly s e n— it i\’ cs 5. 0

change, in them. For d4 and fixed k the second criterion seems to g ive ri: ;c

to a tm urfac c like a f l at—botto c - r ed valley with v u s> .teep sides. This d iffeia ;tc ’

accoun ts for the re lative diff i culty In cstimati r ,p the p araae teum s of the second

model. For this model , Table 1 also indicates that parameter values in an

extended region may give a near—opti tmual fit , as long as the proper balar,ce is

main tained between p and a .

— 1 7—
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Table 7

~5 m h r m m - - u  (if ST~ ~
t uC t i t  ~ I . f

p.’) .7 , u- ’ 1 . ~ i.’ b m i ’ t  ui ~- :n -~ .8

k~1.5 k~1.6 k—l ,7

1.8 1.9 2 .0  1.8 1.9 2.0 1.8 1.9 2.0

1.6 8 46 106 1.6 6 .9  23 .  71. 1.6 { 15 10 43

1.7 18 8 4 3 1.7 67.  4 ,8  20. 1.7 94 15 8

1.8 110 17 7 1.8 187. 45.  4 .8  1.8 288 90 15

Table B

~‘a1ucs of SD~ 1, 1-; uS Ire (1r~t i a r m

ru1”i.S , “~2
”
~~’~~’ 

n3’- 11 .9 s’luec -e Sl)~ — 5 .i !

ln
i
.’l.6

\Th3 1.8 1.9 2.0 \\
3 1.8 1.9 7.0 \~~3 1.8 1.9 2.0

—0.4 1 7.5 6.7 6.2 —0.4 , 5 .7 5.3 5.3 —0.4 , 6.3 6.4 6.7

~0.3 1 6.5 5.9 5.7 -0.3 1 5.4 5.2 5.5 -0.3 6.7 7.0 7.5

-0.2 1 5.8 5.5 5.~ -0.2 5.5 5.6 6.0 -0.2 7.4 7.9 8.9

— ‘ — .  ‘ ‘— —- — __ ‘--- ‘ ‘  ‘ ‘ m _ —~~ 
‘ -- ~~~~ “ 
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5. Conc le m s iom um.

I -mpii ic~a l d i m . t a m m e e  f m  u ; -  t i u t m i - ; ui e’ ‘~ul~:t~~~ I f u r  i~~~~; H. ’ ul a t - C c- i t t  ,‘ 1’:

pr d i c t i m m 5 .  .- u t ; u , m l road d i - . r , u n c ’ s .  i ’ -t’ . m i -f l tm. - u t  ~u : ’ i m r m. 1m m , m m m m  a re ’ ,u Un u ‘tum . -

Farame te r  va lues  m.ay be eut imated mm ;i - u m de- f i m j u m ; ~ a r u - e l  :‘sc ful ~; 
m u - u ; - , - c- b - - I it

er i t en l c - mm.  The st,’immd ard ascur’ption t I m - u t urh ,mi u ? I ’ - t a n c d s - r e  r~ - ‘~~~~- p u , a r  1 - ~

not suppo r - t  t ml b-v the r. -s m l t  r e l u r ’ eel lit - ri ’ . The Fuc lijc- .in eli ’- !a mm cu ’ Is mm ire-

cms ; m v~-m m ’ I m - m u 5  t o  um m e  mind a ~-
,- ,- u m s t u ’  e m  1mm.mte u n -  m m d i s t m i m m c m ’: m ar scm

unlessi ti me m t ’ ud nc tm,am ri is c ’ mud: t u.  I c i ’  I t a n t m  iuii ~’ u t c t u m : ; - - u L r  bia ’., i C C

f i f t h  d i s t ; m u r u  mm , ud. -l ~rcuduc cd re- ; -me ; aUl y ac eu r- ic  ut c - u m ltr, . Pc— . - -.- .-~ t~~t~

f u n c t ion , w i t h  its ues içue d i rec t  iona l bias , wo uld n e c -  t o  b e  e -s ’ ;-- . -r - lIly ,, ; 5

ab le where time road netwmmt’ k is not hip lul y deve loped — — nut - h .ms I:; c-  ‘ am lu; :

pc’pula t lout d em us i ty r t - ; ;  I t i m , . In ,-uddi tic - mu , t i m e :  par cr c- N r - - of d 5 , u i al ‘am>

sa t i af  ied convex i t y  condi t ions , w ere  more m-mum , i) y c -u t 1m ~ .t i d tI - mm; t h o m e f t - i  - I

t in’ c-ut her I m u - c — p . r a m - - ; s r  f u ua c t i rm n.  d p re u ’. e - - b  to  ~ m - m - : act - c - r I -  I :5

urban da:uu s e t s .  IIowc ’ver , t i m e c- m. :p inicall y d - I - r mmu iu sc- ~ I .iu. m~~’:- v lu .- , ’,. ( H  - -

fulled to m - t i : f y  c e . u \ ’ c : : i t y  r dj t l c u ; m : . .  A ic- nd y u e : m i u  b~e Lu C m ’ t & - , , ~ l, _ c-

vcxity c c umu ~~i t iar~~ nit t b u u  l u , u u c m nm e tc r  ‘r ¶ m m m - I~- :. d 3 ga’.’m’ m u  ION, ml” ,um-

resul ts  al t  hemugh It  was simown to be infer ior t o  the more c~e mu , - m e t m u m  u - i t ~~ u - u S  IS —

tical analys is. If a three paraneter f uutc t Ion is to lu c m -s:m m-, i d m  e u l  , i~m l I ‘ ‘ ‘ C

the parainetc- r 0 into the def inition of d 3 to op ti m all y c ’ r ; e u u t  L i t ’  C u ; u t -  t i m

system would combine convexi ty  and ease of paramete r em , t l - .mt ioru w i t h accur acy . 1

‘Robert l,ove ’s wor k was supported by U.E. Aramy Cont r , . m :  
~o . l V ’ ~~’s~~

- J t - -C —
0024 and a grant f ri-ri t i m e u raduci t e School of the Univ~- m m - . -. ty  o i ’. i nco ns i m :  -

Ma di son. J,m u c - e s  I-io rnis ’ work was s uppor te l  by a grant i r e - i the ;-r d ;u ,stc

School of Kent S t a t e  Un iv emn i r y .  flue a n a i m t . u n c e  of t tm c ’  Onia 1. - u t  - - - at of
Transportat ion , e s p e c i a lly (h mic - les ;  Ce biuardt and Ch it - l i’s Groves , ti m mm ; - 1- . in~
t he Ohio data for t h i s  m - t~~- l’,’ Ic g r .:re-fmuhI y adruOc/1 (’d guiul . b!c ’0ri ,Iuc)  u r u u ’ IJ t  1

hel p ful ;iSm ju t  mince 1 m m cm - -
~ i i t  - t Ion of the stud y.  Dismin ; ir s- ’ r:c p cmv u t .i t m I’ ’

d i sc us & fc i - ,s o f t i uc ’  n S a t l s t f c ,-m l ,‘ lnmi v - .is. A s pecial  m i u u t m -  i-f r - ; m m l : ;  f s  u : . l  

to the anonymous re fe ree  whose c r i t ic i sms  01 an e a t - h i m - u  d raf t  lid to cult - ::, mm m 1ue
improv ements in time pap er ,
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API’LNI)I X

C o n v e x i t y  l’ro pe r t ic s

I m o o f  of t i e  c u . - u ;v - - u i t y  o f  d4 (q, r) m:lme n ‘ I , p s , an d k > 0:

It 1- . &uf f l c ie ;u i  t m  prove thi t 

[
~~~~J q j  - r1J 

i/s  
Is convex .  It Ic

knc uc. um that  d ( - ~, r; 1, p, p) is convex.  Let g (y)  ~, >, b y > 0 and b 1.

Ti c-n ~, Is mm m i l u . m e  .m,i n g c u - m m m -.- c-c ,  funct ion o f y. L c t t  I m p  i- - p/s m,- im ’ cmo s w r it ’-

- r i ~j’ - g(d(q,  r; 1, 
~~. ~) )  w hich is; c tuum- .’ ,-x for  

~ ~ 1 , ~- ~~

s ince sum increasing convex func t ion  of a convex fu nc t ion  is convex.

This i x m  m m d :  ,ud ge ne ra l izes  an earlier result by Cooper Ill t i u mi t

$(x ,y) .~ ~~~[ (X
,~ — x )

2 
+ — y)

2
)~~

’2 
is a conv x func ti cn of (x ,y) f u r

k ~ 1 and B,~ 
> 0 e;ince the above proof neither requires that and

t i  c m - I .  ot t b . ,: ~~ 2 .

I’m r~~~~ u: f t i ; ’ s ; ‘ : u ’, -X  i t  y of  d 5 (q, i’) c’hen P is pos i tIv e  d if init r

I ’ t  (~~ , u~~, q 2 ,  m 2) — (x 1, x 2, 1:3. x 4 ) ~ and y ’ (y 1, y 2 , 
~~~

Ther m

d 5(q.r) - d 5 (x) - [m 1 (x 1 - x 2 ) 2 
+ m2 (x 1 - x 2 ) (x 3 - x4) + m3 (x

3 
-

To prove t i u e ~ cc ’nvezity of d5 we nust prove t h a t  for any x and y and sic ,, non-

negat ive nusimbers a , ~~, where a + B — 1 , the lae-u; ~~m h i t y

d 5(ax + By) ad 5(x) + 8d 5
(~ - )

aust hold.

Since H is pos i t ive  de f in i te ,

-20-
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0 td s(nx + Byfl2 ~ x 1-x~ v 1 -y 2 
- ‘

~~ 

x 1 -x 2 
+ 

~

y3—y 4 x3—,;4 y 3—y 4

a 
‘ x 1— x 2 

+ ~ 
~‘~~~2 

‘ 

M

See Hadley [4 , p. 85).

Taking time square root of both sides of the second inequality , amid

not i nS U,at (a~ ~- a2
)½ 

< a~ + a~ when a
~
, 
~2 

> 0, ca’ can w r i te

45 (ax + ~y) < [a 
1 2  M 1 2  1½ + 

~~ 
M 

1 2

[ X
3

X
4 X

3
—X

4 J [ y3-y4 y3—y4 j

< ud5 (x) + 8d 5(y ) ,

wh i c h  is the desired r e m m m m l t .

It  _ _ _ _:
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